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@ Personal health monitor. 



® A personal health monitor (60) Includes senisors for measuring patient weight temperature, blood pressure, 
and ECG wavefonn. The monitor is coupled to a central unit (20) via modems (22. 62) and includes a computer 
which Is programmed to prompt a patient to take prescribed medication at prBScribed times, to use the sensors 
to measure prescribed health parameters, and to supply answers to selected questions. Medication compliance 
infomiation. test results, and patient answers are compiled in a composite log whicli is automatically transmitted 
to the central unit The computer is also programmed automatically to disconnect the monitor from an attemating 
cunent power source and to rely on internal battery power during certain periods of patient-monitor interaction, 
such as during use of the ECG module. In this way. danger to the patient and complexity of ttie ECG module are 
minimised. The computer is also programmed to compare measured test infomnation with predetermined 
expected values, and in the event of a discrepancy, to collect additional infomrtation from the patient to assfst 
trained personnel at the central unit in interpreting the composite log. The computer is also programmed to alert 
the central unit promptiy in the event one or more measured parameters falls outside of a prescrit>ed normal 
range. The normal range for a given parameter is made to vary in accordance with the measured value of one or 
more other parameters in order to reduce the irKddence of false alarms. 
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PERSONAL HEALTH MONITOR 



BACKGROUND OF THE INVENTION 

This invention retatss to improvements to a personal health monitor of ttie type that automaficaily 
5 collects information indicative of tfie physical concfition of a patient In a log and then transmits the log to a 
central station for analysis by trained medical personnel. 

In the past a wide variety of monitors have been proposed for recording information indicative of the 
physical condition of a patient For example, Samoff U.S. Patent No. 4,004,577, Karz U.S. Patent No. 
4.173,971,. Cftron U.S. Patent No. 4.417,306. and Usredd U.S. Patent No. 4,519,3^ all disclose devices 
m which store information indicative of heart function for later analysis- The Usiecki device allows the user to 
record event marker signals to designate particular events on the stored record. Steffen U.S. Patent No. 
4;370,547 discloses a system which monitors multiple parameters, including t^reathing rate and body 
temperature, as welt as pulse rate and blood pressure. 

Dunning U.S. Patent No. 4,296.756 discloses a remote pulmonary function tester which receives patient 
rff identification data, directs a test sequence, and then stores the test results for later transmission to a central 
computer. The patient identification data are entered in response to questions presented by ^e tester on a 
display. 

Schneider U.S. Patent No. 4,465.077 discloses a fertility computer which predicts fertility status based 
on temperature measurements and user supplied responses to questions related to relevam physiological 
20 conditions. 

The foregoing patents have tjeen referenced only by way of general background, because none of them 
relates to the improvements of this invention. As described in detail below, these improvements enhance 
the dagnostk; value of the transmitted log, minimize false alarms to the central station, minimize 
unnecessary tests on the patient and minimis the complexity and expense of the monitor itself. 

SUMMARY OF THE INVENTION 

According to a first feature of this irivention, a personal health monitor is provided which comprises 
30 means for determining a plurality of health parameters, each Indicative of the physical condition of the 
patient Means are also provided for prompting the patient with selected messages and for storing a. 
prescribed parameter schedule for selected ones of the health parameters and a prescribed medication • 
schedule tor at least one medication. Rrst means automatically control the prompting means to request the 
patient to use the determining means to determine the selected ones of the health parameters In 
35 accordance with the prescribed parameter schedule. This first means stores the determined health 
parameters in a composite log. Second means automatically control the prompting means to request the 
patient to take medication in accordance with the prescribed medication schedule, and automatically record 
information In the composite log in(£cative of patient compliance witii the prescrit}ed medication schedule. 
The composite tog is then automatically transmitted to a central location tor analyi^s by tinned medical 
40 personnel. 

This aspect of the invention provides the advantage that a single monitoring system (1) prompts the 
patient to take medication in accordance with the prescribed schedule, (2) records patient compliance with 
the prescribed medication schedule, and (3) records patient health parameters in accordance with the 
prescribed parameter schedule. Information tiiat wiir allow trained personnel to determine botti patient 

45 compliance with the medication schedule and the physical condition of the patient is transmitted in the 
composite tog to ttte central location. By providing tioth information regarding physical condition of the 
patient and patient compliance witti ttie medication schedule. Uiis monitor materiaify assists medical 
personnel in assessing the health of the patient As used herein, tire term "health parameters" is intended 
in ite broad sense to encompass bbtii measurements of vital signs such as pulse, blood pressure. EGG and 

50 the like, as well as determination of patient symptoms by patient responses to questions. 

According to a second feature of tiiis invention, a personal heafth monitor adapted to be powered by an • 
alternating current power source comprises means for collecting information indicative of the physical 
condition of the patient, means for recording the collected information, and means for supplying a supply 
voltage to power the collecting means and the recording means. This supply means comprises a 
rechargeable battery connected to the collecting means and the recording means, and a t>attery charger 
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ada^jtBd far connectio n to the alternating cun-ent power source and comprising means for supplying a 
cfrarging current to the battery. The switch is positioned to interrupt the fiow of charging current from the 
battery chs^ to the b^tery and is switchable between a first state, in whtich the switch isolates the battery 
from ttie charging currerrt, and a second state, in which the switch allows the charging current to flow to the 

5 b^ry. Means are provided for controlling the switch such that the switch is auton^aticaity placed in the first 
^ate during selected periods of interaction between the patient and the coltecting means, and the switch is 
automatically placed in the second state during selected periods characterized by an absence of interaction 
between the patient and the collecting means. Preferably, the switch comprises a latching relay which is 
interposed between the battery charger and the alternating current power source. 

10 As explained in greater detail below, this feature of the invention provides Important advantages In that 
the battery is not charged during at least selected periods of interaction between the patient and the 
monitor. Various ser^rs such as electrocarcflogram (ECG) sensors are simplified in that AC ripple 
assodated with the altemating current power source is no longer a potential problem. The cost and 
complexity of certain sensors such as ECG sensors and related circuitry can therefore be reduced. 

fs Furthermore^ becaise the battery is isolated from the AC power source during periods of patient interaction, 
the AC power source poses no danger to the patient Ths need for isolated power supplies and the like to 
protect the patient firom the AC power source Is therefore minimized. 

According to a third feature of this Invention, a personal health monitor is provided which comprises first 
means for automatically collecting a first set of data indicative of the physical condition of a patient, and 

20 second means for automatically comparing the first set of data with a set of test criteria and for indicating 
when the first set of data fails to meet the test criteria. Third means are provided for automatically coltecting 
a second set of additional , data from the patient when the first set of data falls to meet the test criteria. The 
second set of additional data is selected to provide additional diagnostic infonnation useful In interpreting 
the first set of data Means are provided for automatically transmitting the first and second sets of data to a 

25 centrai location for analysis by trained medical personnel. As used herein, the term "set of data" is used in 
its broad sense to encompass one or more measurements or patient responses. 

This aspect of the invention provides a personal health monitor which minimizes inconvenience to the 
patient while provicfing attending medical personnel wHh more complete diagnostic Information. As ex- 
plained in greater detail below, this aspect of the invention allows tests or questions which are not routinely 

30 required to be eliminated from the first set of data, thereby minimizing the inconvenience to the patient 
Nevertheless, when the first set of data indicates. a potential problem, the monitor automatically collects the 
second set of data in order to provide the medical personnel at the central location with more complete 
diagnostic Information. In this way, the medical personnel at the central location are better able to diagnose 
the physical condition of the patient Of course, the first set of data can include data collected over an 

ss exterKfed time period and indicative of a trend or data collected in a single measurement or question and 
answer session. 

According to a fourth feature of this invention, a personal heattii monitor is provided which comprises 
means for automatically monitoring a plurality of patient parameters Indicative of the physical condition of 
tiie patient This plurality of parameters includes at feast first and second parameters. In addition, means 

40 are provided for storing information indicative of a selected range of nonnal values of tiie first parameter. 
This selected range of nomial values varies in accordance witti ttte second parameter, such that ttie 
selected range of normal values when the second parameter has a first value is different from the selected, 
range of normal values when the second parameter has a second value. The monitor automatically alerte a 
central station only when the first parameter is outside the selected range of normal values. As used herein. 

45 "nonnal" is intended broadly to encompass ttie range of values designated by tiie physician as normal for a 
particular patient 

This fourth aspect of the invention provides important advantages in that it reduces tfie number of false 
alarrhs at the central station. As described in detail below, the range of nonnal values of any one parameter, 
such as patient temperature or blood pressure, will often vary in accordance with one or more other 
50 parameters. By adjusting the selected range of nonfnal values as appropriate for the cunrentiy prevailing 
conditions as indicated by the second parameter, the health monitor is better able to distingui^ between 
sitoations in which the centirat station should be alerted of a potential problem, and situations which can be 
reported in the conventional manner. By reducing false alarms, ttiis aspect of the invention reduces the 
wori< toad at the central station and thereby improves the efficiency of operation of the system as a wliote. 

55 
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The various features of this invention can be grouped together as desired. For example, the preferred 
anbtsfiment described below combines all four features together in a single personal health monitor. 
Howfflfer;. each of these features can be employed independently of the others, if desired. The invention 
itself; togethar with further objects and attendant advantages, will best be understood by reference to the 
s following: defied description, taken In conjunction with the accompanying drawings. 



BFUEF DESCRIPTION OF THE DRAWINGS 

TO RG. 1 is a block diagram of a personal health monitoring system which incorporates a presently 

prefarred embocfiment of the monitor of this invention. 
BG, 2 Is a block diagram of the monitor of RG. 1. 
FIG. 2a is a titock diagram of the power supply of RG. 2. 

is 3 block ^agram of UttQ stgnal interface unit of FIG. 2. 
Ts FIG.3isabtockdiagramof the central unit of RG. 1- 

RG. 4 is a flowchart of the Power-Up Routine of the monitor of RG. 1 . 
RG. 5 is a flowchart of the lntia0zation Routine of RG. 4. 
RG. 6 is a flowchart of the Restoration Routine of RG. 4. 
RG. 7 is a flowchart of the Test and Calibration Routine of RG. 4. 
2ac RG. 8 is a block diagram showing the general organization of the Normal Operation Routine of the 

monitor of RG. 1. 

RG. 9 is a flowchart of the Check Event Table for Work Routine of RG. & 
RG. 10 is a flowchart of the Single Parameter Check Routine of RG. 9. 

RG- It is a specific example of one suitable Single Parameter Check Routine for patient tempera- 

2s^ tors. 

FIS. 12 is a fibwctert of the Multiple Parameter Check Routine of RG. 8. 
R6. 13 is a flowchart of tiie Medication Reminder Routine of RG. 8. 
RG. 14 is a fidwchart of the Communicate Wrth Central Unit Routine of RG. 8. 
RG. 15 is a flowchart of ttie Battery Control and Check Routine of RG. 8. 
00 RG. 16 is a ftowchart of tiie Exception Handler referenced in routines such as tiiose of RGS. 4. 5. 6, 

ttr tta, 13, and 15, for example. 



DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

35 

The folkwing detailed description will take up first tiie hardware and then the software of the presentiy 
prefened embodiment of the personal health monitor of this invention. In genera) terms, this monitor Is 
designed (1) to prompt the patient to pertorm tests and to respond to questions as prescribed by a 
physician having responsibility for tiie care of tiie patient; (2) to prompt the patient to take medication as 

4a prescribed and to log compliance by the patient; and (3) to communicate the results of the tests, the 
patient's answers to the questions, and medication compliance information to a central unit staffed with 
- trained medical personnel The system Is made up of two sutninlts, a home unit adapted for use by a 
patient in an unsupervised manner in a home setting, and a central unit 

From tire point of view of the patient, the personal healtii monitoring system descn*bed below provides 

45 important advantages In terms of simplified date entry (tor botii test results and question responses), 
automated communication with the central unit, and fast feedback from medical personnel. From the point 
of view of ttie physician, this system provides Important advantages in terms of better tracking of the vital 
signs of the patient better infonnation reganjing patient compliance witii medication schedules, and a 
complete log of time-stamped vital signs which will help to detect abnormal trends and to prevent 

50 catastrophical readmission. For example, a hospital can use the personal health monitoring system 
described betow for follow-up care of UKse patients who do not need intensive, hospitaHMsed care, yet 
require some form of personal health monitoring. 

In general terms, the home unit operates to log data indicative of various health parameters of the 
patient on a schedule prescribed by the attending physician. These health parameters Include various vital 

55 signs such as ECG, body temperatore, body weight blood pressure, heart rate, blood glucose level, and 
pulmonary functions, along with patient responses to selected questions. The home unit will also tog patient 
volunteered infonnation and the results of patient volunteered tests. The home unit also functions to remind 
the patient when medication is to be taken and to log patient compfiance. including infonnation relating to 
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the time, dosage and type of medication. The home unit is easy for a patient to use and automaticat)y 
communicates togged tnfomnation with the central unit based on pre-programmed reporting times plus 
special reports made in response to triggering events. Preferabiy: communication Is via a modem and 
appropriate programs are provided to provide retry on enror during transmission and redial on error such 
5 that no patient intervention is required. 

Preferably, the v^ous sensors incfuded in the home unit such as the temperature prolie, the ECG 
electrode probe, the weight scale, the blood pressure device, the ECG signal processing circuitry are 
designed as modules to minimize obsolescence and to allow new or improved components to be added 
simply. 

10 The home and central units are constructed from conventional components chosen such that no special 
room modificatians such as air condtttontng, special power supplies, or the like are required. The centraJ 
unit generates reports of fogged patient parameters for analysis and response by trained medical personnel. 
Preferably, softw^ for the central unit is writtsn such that the system can readily be used by a nort- 
computer speciaHst 

J5 

SYSTEM HARDWARE 

As shown in RG. 1, the personal health monitoring system 10 of this preferred embodiment comprises 

20 a centra] unit 20 and a plurality of home or remote units 60. The central unit 20 is linked with each of the 
home units 60 by respective modems 22, 62. Typically, the central unit 20 is situated at a health 
facility, such as a hospital, or at a central health infomiation monitoring fadRty and each of the home units 
60 is situated in the room or home of a respective patient 

RG. 2 shows a block diagram of one of the home units 60. As shown in RG. 2. each home unit 60 

25 includes a main CPU 64 which is powered by a power supply 66. The main CPU 64 communicates with the 
patient via a (fisplay unit 68. a tone generator 70, a voice synthesizer 72, and a key pad 74. Preferably, a 
detachable and portable keyboard 76 is provided which can be used by a health care professional for more 
detailed Interrogation or prograrhming of the home unit 60. Of course, other I/O devices can be included as 
well, such as touch screen, microphones, and the 0ke. The main CPU 64 is connected via a hardware bus . 

30 78 with the modem 62 and a mass storage device 80 for storing digital information. The hardware bus 78 
also interconnects the main CPU 64 with a signal Interface unit 82 that is in turn connected to a scale 
module 84, a temper^ure module 86, and an electrocardiogram (ECG) module 88. The ECG module 88 is 
in turn connected to an ECG electrode unit adapted for application to the chest of the patient A blood 
pressure module 92 is connected to the main CPU 64 via the bus 78, along with other optk>nal modules 94, 

35 such as modules for measuring pulmonary functions or blood glucose level, for example. A relay 81 
controlled by the CPU 64 is interposed between the signal interface unit 82 and the ECG module 88 to 
allow the CPU 64 to ensure that the ECG electrode unit 90 is isolated from any power source. 

As shown in RG. 2b, the interface unit 82 includes an eight differential line analog multiplexer 96 wtiich 
includes inputs connected to receive analog signals from the scale module 84, the temperature module 86, 

40 the ECG module 88 and a battery included in the power supply 66. Other inputs to the multiplexer 96 can 
be used for other sensor inputs, such as additional ECG signals and ambient temperature, for example. The 
eight differential line analog multiplexer 96 is controlled by the main CPU 64 to select one of the eight input 
signals, which is passed to a programmable gain instrumentation amplifier 98. After suitable amplification, 
tiie selected analog signal is applied as an input to a sample and hold circuit 100. which samples tiie analog 

45 value of the selected amplified signal and holds Ms sampled value for conversion by an anak)g to digital 
converter 102. The resulting digital signal is then read by the main CPU 64 via the hardware bus 78. 

Each of the bk)cks of RG. 2. with the exception of the power supply 66. is a conventional, readily avail 
able hardware component Without intending in any way to limit the scope of tiiis invention, the following 
information is provided in order t>etter to define the presentiy preferred embodiment of the home unit 60. 

50 ' In the home unit 60 of this embodiment the main CPU 64 is an IBM PC compatible CPU board, such 
as tiie CPU boards available from Faraday. Mostron. IBIS. OEM Tech, or G&L Inc. The modem 62 is 
preferably of ttie type which will transmit botti data and voice having an auto dial feature and selectable 
300/1200 baud data rates, such tf^ tiie modem can be plugged directiy into a regular phone line. Suitable 
modems are available from U.S. Robotics, Hayes, Qubie, arrd Racai-Vadic. The display unit 68 is preferably 

65 a nine inch CRT monitor, having a minimum bandwidth of 15 MHz. Suitable monitors are available from 
Hitachi, Tatung, GoldStar and SamSung, for example. The voice synthesizer 70 is preferably based on the 
Texas Instruments Digitalker chip set available from Texas Instruments. The portable keyboard 76 is 
preferably a hand-held unit with limited display capat)ility using liquid crystal display witti back lighting. A 
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suitable devic© is available from Radio Shack as the TRS 80 - Model 100. The bus 78 is preferably based 
on tha IBM PC I/O slot with 62 cortnections. TTie mass storage device 80 is preferably a ZJ5 Inch mini- 
floppy, (fisc drive having at least 500K bytes of formatted storage space. Suitable drives are available from 
Sony (MI?4=53W-00D). Fufrtsu (M2532A). and Panasonic (Ju-346-l4>. The signaf interface unit 82 preferably 
£ incorporates £ t2-btt A-0 converter 102. MetraByte markets a suitable signal interf^ unit 82 as Model No. 
DASH-a 

In this^ embodiment each of the sensor mot&ites is a conventiormE component For example, the scale 
module 84 rs preferably an electronic soDd-state weight scale having a range from 15 pounds to 300 
pounds with 0.5 pound accuracy, such as the device sold by Noreteo, The temperature module preferably 

10 has a temperature range of es^-llO'F. with a 0.2'F. accuracy. Suitable temperature modules are available 
from Labtron and Yellow Spring Instalment The ECG module 88 preferably Includes low-pass filtering, 
appropriate gain, transiient suppression, common mode rejection, and signal Isolation for two-lead ECG 
signals. A suitable device is available from Scole Engineering. The ECG electrode unit 90 is preferably of 
the type usin^ pre-gelled etectrades or bandage-type electrodes. Suitable devices are available from NDM, 

7E Cardio-Dynamtcs Sentry BfecScaU sstd TDK. The bfood pressure module 92 is an automatic blood pressure 
monitor with* digital I/O capability, such as the devices marketed by Takeda Medical and Norelco. 

Turning now to RG. 2a. the power supply 66 includes a +5V DC regulator 104a and three DC-DC 
converters 104b, 104c, 104d which provide DC voltages to the remaining components of the home unit 60 
at +5 VDC, -5 VDC, +12 VDC. and -12 VDC, respectively. These regulators and DC-DC converters 104a - 

so 104d are powered by a rectiargeable battery 106 which In this embodiment is preferably a sealed 12 volt 
lead-add rechargeable battery. The rechargeable battery 108 Is charged by a battery charger 108 which is 
connected via an AC latching relay tlO to an alternating current source such, as a home wall outlet which 
prevkies alternating current at 120 volts AC. A suitable battery charger and battery can be obtained from 
Sonnenschein. One of the Input signals to the multiplexer 96 is connected to the battery 106 to aUow the 

2S main CPU 64 to measure the voltage developed by the battery 108 in onier to assess the condition of the 
battery. The relay 110 is controlled by the main CPU 64 such that the main CPU 64 can interconnect the 
battery charger 108 with the attemating current power source, or alternately isolate the battery charger 108 
frem thff ^temating power source.. As explained in detail beknr, the. main CPU 64 isolates the battery 
charger les OTd the b^tery 106 from the source ©f attemating current when the patient interacts with the 

30 home unit ®. In this way^ the complexity and cost of components such as the ECG module 88 are reduced 
because AC ripple voltages associated wHh the AC power source are eliminated. Furthermore, the patient Is 
prelected completely from unintended contact with the AC power source, even in the at>sence of Isolated 
power supplies. 

FIG. 3 shows a block diagram of the central unit 20. The central unit 20 includes a super mterocom- 
35 puter 24 which is supplied with regular AC power backed up by an unrnten\jptible power supply 26. The 
central unit 20 controls a printer 2a and a number of operators which may Include trained medical 
personnel Interact with the computer 24 via respective termirials 30. 

Simply by way of example, the computer 24 may be a 16/32 bit microcomputer with one MB of RAM, 
one high density floppy disk drive, and a 20-80 MB mass storage disk drive. Suitable mlcrocomputere are 
40 available from AT&T {382-400, PC-UNIX), IBM (AT. RT. or System 36). DEC <Micr6 VAX U), SBE (multibus 
based). The uninterruptible power supply 26 preferably has a minimum holding power suitable for 20 
minutes of operation with a power drain of 600 watts. A suitable system can t>e obtained from PARA 
Systems, Inc. The printer 28 can be any suitable printer such as a dot matrix printer with graphic 
capabilities such as those obtainable from Epson, Panasonlcs, OWdata or Facit Any conventional CRT 
45 terminal can be used for tiie terminal 30. such as those available from KImtron, Teievideo, Wyse, or Ampex. 
. The microcomputer 24 is preferably programmed with a multi-user, multi-tasking operating system such 
as the UNIX system which Includes suitable programs for receiving communications from the home units 
60, preparing appropriate reports, and directing appropriate instructions or data files to the respective home 
units 60. 

50 The central unit 20 has been described merely to provide a fuller explanation of ttre environment of this 
invention. The details of structure and operation of the central unit 20 form no part of this invention, and 
therefore will not be described in any greater detail here. 
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SOFTWARE OF THE HOME UNIT 



As described briefly above, the home unit 60 is programmed to prompt the patient to perform 
prescribed tests and to take prescribed medication, all in accordance with predetermined test and 

5 medication schedules. The measurements obtained from the tests and information indicative of patient 
compliance with the medication schedule are stored in a composite log, which is autom^calty transmitted 
to the centra] unit 20 for analysis by trained personnel. As pointed out tn detail below, the software of the 
home unit 60 controls the power supply 66 to isolate the home unit 60 from the alternating cunent power 
source during periods of interaction between the patient and the home unit 60. In addition, the software 

70 analyzes parameters indicative of the results of the tests and the answers by the patient to preselected 
questions and in certain cases supplements the composite log with the results of additional tests or the 
answers to additional questions in order to facilitate interpretation of the composite log by trained personnel 
reviewing reports generated by the central unit 20. In addition, this software compares test results with 
predetemriined expected and normal ranges and alerts the central station in the event of a problem, tn order 

IS to reduce the number of unnecessary alerts, the software uses a sophisticated multiparameter approach 
which varies the range of acceptable normal values for a first parameter in accordance with the value of at 
least one additional fi^rameter. 

RG. 4 shows the general flow of initial processing of the program of the home unit 60 after power is 
supplied to the home unit 60. During the initial power-up procedure, the entire system is initialized as shown 

20 in FIG. 5. Patient data and the test and medication profiles are read from the mass storage device 80 and 
stored in the random access memory of the main CPU 64. Typically, the patient data will include physician 
selected information identifying the patient, and providing such information as name, age. sax, address, 
social security numt)er, telephone number and the like. The test and medication profiles are physician 
prescribed profiles which define the identity and schedule of tests to be performed and the identity and 

25 dosage of medication to be administered. In addition, the test and medication profiles include tfie 
physician's designations as to which of the tests and medications are to be deemed critical, along with 
expected values for each of the parameters measured in the tests and questions to be asked of the patient 
at selected times. 

Simply by way of example, the test profile for a given patient might prescribe that patient weight be 

30 measured once a day, and that patient temperature and bkxxl pressure be measured four times a day. By 
way of example, the medication pnsfile might prescribe that medication A be administered four times a day 
and that medication B be administered six times a day. 

As shown in RG. 5, after patient data and the test and medication profiles have been loaded into RAM. 
the Integrity of the data and profile files are checked. In the event that these files are found to have been 

05 comjpted. an error code is set and the Exception Handler of RG. 16 is called. Ottierwtse. various data flags 
and variables of the state teble as described in greater detail below are initialized. Then the various I/O 
ports of the main CPU 64 are Initialized and checked. In the event of a failure, an appropriate enw code Is 
set and the Exception Handler of Fia 16 Is called. Otherwise, the Initialization Routine of RG. 5 returns. 
The Restoration Routine of FIG. 6 is similar to the Initialization Routine of RG. 5, except that the 

40 Restoration Routine is performed in subsequent powerup cycles. Instead of initializing data flags and 
variables of the state table, the restoration routine loads previously stored data flags and the system state 
table fi-om the disk into RAM. 

After either the Initialization or the Restoration Routine has been executed, the Test and Calibratton 
Routine of RG. 7 is called. The Test and Calibration Routine first tests the EPROM and HAM of the main 

45 CPU 64 and sets an appropriate enror flag in the event a failure is detected. Then the voltage of the l>attery 
108 is measured and tested. In this embodiment, if the battery voltage is greater than 12.6 votts, the state of 
charge of the battery is considered acceptable. At this point, the relay 110 Is controlled to charge the 
battery 108 for 10 minutes and the battery voltage after charging is monitored for an increase of 
approximateiy 0.2 volts. If this increased voltage is measured, the reaction of the battery to charging current 

50 Is considered acceptable. Otherwise, an appropriate en'or flag is set. Then various other components of the 
home unit 60 are checked. For example, the A-D zero offset is measured and the zero reading for the scale 
module 84 and the ECG module 88 are measured and stored. The reading of the temperature module 86 is 
compared with a value indfcative of nonnal room temperature and checked for reasonableness. Rnally, the 
battery charger 108 is turned on with the relay 1 10 and the voltage of the battery is checked. If the b^ry 

55 charger 108 is operating properly, battery voltage should increase by about 1.3 volts during operation of the 
charger lOa In the event any failure is detected an appropriate ennor flag is set Rnaily. the modem is 
tested with conventional methods, and an enror flag is set in the event a failure is detected. 
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Returning to RG. 4, after the Test and Cafibration Routine of FK3. 7 has been executed, the various 
enor flags are checked, tn the event an error was detected the error is togged and the Exception Handler of 
RG. 16 is called. Otherwise, the program advances to the Normal Operation Routine of RG. 8. 

RG. 8 is 3 blQcIc cfiagram of the Normal Operation Routine refierenced in the flowchart of RG. 4. The 
5 Nornial Operation Routine is a contmuous loop which is floweharted in RG. 9. This loop is intenupted by 
various interrupts as shown in RG. & The clock interrupt is used to maintain various real time clocks and 
timers in the program. The keyboard interrupt services user depressed keys, and the modem interrupt 
services the modem. The data acquisition Interrupt services appropriate ones of the sensor modules. 

As shown in RG. 8, two tables, the event table and the state table, are maintained by the CPU 64. The 

10 event table Includes test and medication schedules obtained from the test and medcatton profiles. In 
particular, the event table includes the foltowing schedules: medication schedule, blood pressure test - 
schedule, ECQ test schedule, temperature test ischedute, wdght measurement schedule, and next ceMral 
unit call schedufia. Each- of these schedules fists one or more t&nes at which the respective tests will be 
performed. In addition; the event table stores the time of the last battery charge and the time of the 

15 predicted next required battery charge based on battery usage. Rnatiy. the everrt table stores the time and 
identification of tfT& next scheduled test 

The statB table records such information as the communication stale flag {which reflects the status of 
the modem), the trattsry-condition flag (which reflects the state of charge of the battery), and the ihultlple- 
test or single-test flag. As explained in greater detail below, this embodiment includes means for correlating 

20 mdtiple test parameters if reqtiested by the physician. &ich multiple parameter correlation is termed a 
multiple parameter check In the flowchart of RG. 12. The state table also includes a variable which 
designates the current state of ttie system; U., whether the battery is being charged, communication is in 
process witfi the central unit, a test is being performed, or the like. 

The blocks at th& bottom of RG. 8 indicate the various events that may be commanded by the CPU 64. 

25 The multiple parameter check event is flowcharted in RG. 12, ttie medication reminder event is flowcharted 
in RG. 13. the communication witit central unit event Is flowcharted in RG. 14, and tiie battery control and 
check event is flowcharted in RG. 15. The remaining events are measurements of parameters indicative of 
the health of the patient tn the weight measurement event, the patient is prompted to use the scale module 
84. and a digital number indicative of the measured weight of the patient is stored In tiie composite log. 

30 Similariy, in the temperature measurement event the patient is prompted to use the temperature module 86 
to measure the patient's body temperature, and the measured body temperature is stored In the composite 
log. The blood pressure measurement event results in tiie CPU storing data Indicative of measured pulse 
rate and systolic aitd diastolic blood pressure of the patient The ECG recording event records in digital 
fonn the EGG waveform of tfie patient At present a sampling rate of between 200 and 300 Hertz is 

35 preferred, and tire ECG wavefomt is digitized wttii a resolution of 12 bits. The digitized waveform is stored 
In tiie composite log for later transmission to the central unit in a time compressed form. 

Rnally, the question and answer session event is a series of questions which are presented to the 
patient via the display unit 68. Patient responses to ttiese questions are recorded In the composite log. As 
explained in greater detail below, the particular questions asked of ttie patient are varied depending on botti 

40 the physician prescribed schedule, and tiie measured health parameters. 

Turning to RG. 9, ttie Check Event Table for Worit Routine shown tn block diagram fonn In RG. 8 first 
checks to determine whether a next event is scheduled for ttie next ten minutes. If not ttie routine performs 
eittier a Data Base Examination Routine or a Machine Test Routine. The Machine Test Routine performs 
standard diagnostic tests on tiie RAM. EPROM. and CPU of tiie home unit 60. The Data Base Examination 

45 Routine is not described in detail here, but it uses available processing time to analyze the patient 
infomnation collected over time for trends and daily cycles. After either tiie Machine Test Routine or the 
Data Base Bcamination Routine has been completed, ttie program again checks to determine if ttie next 
event is scheduled to be performed wittiin the next ten minutes. If so, ttie program continues to loop until it 
is time for the next event The program then checks to see if multiple events can be grouped in order to 

50 minimize repeated interruptions to the patient. For example, if a non-critical medication event is scheduled, 
to be perfomned ten minutes after a blood pressure measurement ttie program of RG. 9 will revise the 
event table to synchronize the two events and will inform the user of how many events to expect Then the 
current event is executed and the measured data entered In ttie composite log, as described above. After 
the cunrent event has been executed, the program executes the Single Parameter Check Routine of Rgure 

65 10 and tiien again checks to determine if ttie next event is scheduled in ttie next ten minutes. 
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TTie flowchart of RG. 10 describes the Single Parameter Check Routine. Rrst the measured test data 
me checked for reasonableness. If the data are compJetefy out of the range of reasonable results, indicating 
a sensing failure such as a sensor failure for example, an appropriate error code is set and the Exception 
Handler of RG. 16 is called before the routine returns. Othenvtse, the test data are checked to determine 

5 whether they are within the expected range set for this particular patient by the physician. If not, an 
appropriate en^ code is set and the Exception Handler of RG. 16 is called before the routine returns. 
Otherwise, the routlrte takes the difference between the current test data and previous test data and checks 
the delta range, tf the delta range is within expected (imlts, the routine returns. Otherwise, the routine 
determines whether another test should be scheduled to supplement the information stored in the 

TO composite tog. If so. the event table is updated to schedule the new test and the routine retums. Otherwise, 
an appropriate enor code Is set and the exception handler of RG. 16 is called before the routine retums. 

A separate Single Parameter Check Routine Is provided for each parameter. RG, 11 is an example of a 
Single Parameter Check Routine appropriate for use with the body temperature parameter. Rrst, the routine 
of R6. 11a checks, to determine whether the temperature is within tfie reasonable range of 80*'-l20''F. tf 

75 not ttie routine assumes a sensing failure, sets an appropriate error code, calls the Exception Handler of 
RG. 16. and returns. Otherwise, the routine checks to detemiine whether the measured temperature Is 
within the physician specified expected range. 97.2'-100.0'F In this example. TTie routine of RG. 11 then 
checks the delta range by detenmining whether the temperature has gone up at least 0.2 *F for each of the 
last three tests, or has gone down at least 0.2** F for each of the last three tests. Either condition is taken as 

20- indicative of a potentially significant trend, and the event table is revised to obtain additional diagnostic . 
information that will be helpful to medical personnel at the central unit In interpreting the significance of the 
temperature trend. In this example, the event table is revised to measure blood pressure, to schedule a 
question and answer session in the area of fever symptoms, and to schedule a question arKl answer 
sesskin regarding exercise patterns for the last thirty minutes. For example, the question and artswer 

25 sessions coukJ include the following: 

•Have you exercised in the last 30 minutes? 
. -Do you feel you have a fever? 
•tf so, is your fever coninuous or intermittent? 
-Are you sweating? 

30 -Is your skin tender to the touch? 

Then an appropriate error code is set and the Exception Handler of RG. 16 is called. 

Depending on the questions included in the question and ar^er session, patient answers to selected 
questions may also be used to select additional tests or questions to be used to supplement the tog. For 
example, the question and answer session for a hypertensive patient who has t>een prescribed triedication 

3S to control his blood pressure may Include the question: "Do you have a headache?" If the patient responds 
in the affirmative, and the composite log indicates that the prescribed medication has been taken, the Single 
Parameter Check Routine of this example will update the event table to schedule a blood pressure 
measurement The blood pressure measurement will in many cases assist the physician at the central 
station in interpreting the significance of the patient's headache. 

40 RGS. 1 0 and 1 1 illustrate one important feature of this invention. The monitor collects a first set of test 
data (which In ttie example of FIG. 1 1 includes patient temperature), and tlten compares this first set of data 
with pre^selected test criteria. In the event the first set of data fall to conrespond to the pre-selected test 
criteria, the monitor collects additional data On the example of RG. 11, data regarding blood pressure, fever 
symptoms and exercise pattems), all of which are stored in the composite log. These additional data assist 

45 trained medical personnel in interpreting the significance of the original data which failed to meet the test 
criteria. T>iuSt when the composite log is transmitted to tfie central unit it provides information needed to 
diagnose the state of the patient which is more complete than if only the first set of data had teen taken. 
Furthermore, this benefit is obtained without subjecting the patient to unnecessary tests. For example; in the 
routine of FIG. 11. the patient is not subjected to an unnecessarily large number of blood pressure tests or 

50 question and answer sessions related to fever symptoms or exercise patterns. These data are only 
collected in the event the need for the data is indicated by the measured patient temperature. 

RG. 12 is a 5owchart of ttie Multiple Parameter Check Routine. This routine first checks to determine 
whether the test results are vrithtn the rramnal range. If the test results are within the norma) range as 
described below the routine enters the results of the comparison in the log and retums. Othenmse, the 

55 routine checks to determine whether additional tests are needed to supplement the log and if so updates 
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the event table to schedule the additionaj tests. Then, the out-of-range result is checked to determine 
whether rt has been designated as critical by the physician. If so. an error code is set to cause the 
Exception Handler to call the centra) unit ahead of schedule and the Exception Handler is called. If the 
physician has not designated the result as critical, the routine updates the log and retuns. 

5-> As shovm tn Tables i and 11, the multiple parameter check routine crosscorrelatBS muttipfe parameters in 
detemiining whether the test results are within the normal range. Thus, the normal range for a gwen 
parameter such as patient temperature, for example, varies in accordance with the measured value of 
another parameter, such as patient pulse rate or compliance with the medication schedule. 

In Tables I and II, the rows and columns indicate respective parameters that are cross-condated, and 

70 the table entries iiKlicate whether the respective values of the parameters are considered normal (N) or 
abnormal (A). 



TABLE I 

rs - • 

Multiple Parameter Check for 
Pulse Rate and Body Temperature 

Body Temperature 

Less than 98.7- Greater than 

98.7°F. 100.0*'F. lOCF. 

25 Pulse Rate less N N A 

than 65 Beats per 
minute (BPM) 

Pulse Rate 65-99 N N A 

aa BPM 

Pulse Rate greater AN N 

than 99 BPM 



35 



4a 



Table t is based on that fact that for many patients, an inverse correlation between pulse rate and body 
temperature is diagnostically significant That is, the combination of an elevated temperature combined with 
a depressed pulse rate is more likely to indicate a developing health problem than is the combination of 
elevated temperature and elevated pulse rate. 
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TABLE ri 
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Multiple Parameter Check for Blood Pressure 
Measurements and Medication Compliance 



Blood Presure (mm Hg) 



TO 



Systolic 
greater 
than 140 



Diastolic 
greater 
than 90 



Systolic 
140 or 
less 



Diastolic 
90 or 
less 



TS 



Medication 
taken as 
prescribed 



A 



A 



N 



so 



Medication 
not taken as 
prescribed 



N 



N 



N 



N 



in the example of Table II. it Is assumed that the patient has been prescribed medication to control 
blood pressure, and that a sufficient time to allow the medication to become effective has elapsed between 
the patient response indicating whether the medication was taken and the blood pressure measurement Of 

2S . course, the particular systolic and diastolic pressures used in Table II will be set by the physician as 
appropriate for the particular patient Regardless of the particular pressures chosen, the example of Table II 
classifies as abnomial only the combination of elevated btood pressure and patient compliance wHh the 
prescribed medication schedule. Of course, the Single Parameter Check Routine for blood pressure 
measurement and medication compliance will already have checked these parameters as described above 

30 to determine whether they are within the expected rarrges set by the physidan. 

In other applications the parameters which are cross^rrelated and the values used to define normal 
and abnormal situations win ail be set as prescribed for the particular patient by the particular attending 
physidan. in some situations three or more p>arameters may be cross-correlated. The cross-comelation of 
multiple parameters may be accomplished with a wide variety of computational and storage techniques, 

36 induding the matrix approach of Tables t and II and the use of polynomial equations employing health 
parameters of the patient as variables. 

FIG. 12 and Tables I and II illustrate another important feature of this invention. The preferred 
embodiment of the monitor of this invention cross*correlates multiple parameters in order to alert the central 
unit in tiie event of a potentially dangerous situation, while minimizing the number of false alarms. Because 

<o the normal range for a single parameter is made to vary in accordance with the measured value of one or 
more other parameters, the monitor can better distinguish between potentially dangerous situations, in 
which tiie central unit should be notified promptly, and routine deviations of measured health parameters. 

RG. 13- shows a flowchart of the Medication Reminder Routine. Once ttie event table has indicated that 
a medication event is to be performed and ttie Medication Reminder Routine has been called, a medication 

45 alarm is sounded for a fixed period. Once the patient responds to the alarm, the routine stops the alarm and 
displays a message whk:h indicates to the patient the medication to be taken and requests the user to use 
tfie key pad 74 to indicate that tiie displayed medication has been taken. Once tiie medication has been 
taken, the composite log is updated to record the medication event and the routine returrts. In ttie event the 
patient fails to respond to the initial alarm for a predetermined time period, or in the event the patient fails to 

50 indicate that the displayed medication has been taken within a predetermined time period, the routine 
checks to determine whether the particular medication lias been designated as critical by the physidan. If 
so, tiie routine updates tiie log to indicate a failure of the patient to take the scheduled medication, sets an 
enor code that will result in a prompt communication with the central unit and calls the Exception Handler 
of RG. 16. Otherwise, the failure of the patient to take the scheduled medication is recorded in the 

55 composite tog, and the next medication time in the event table Is updated before tiie routine retums. 
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■Rie routine of RG. 13 Illustrates yet another important feature of this invention. The cximposite log 
inciudss both Irtformation Indicative of measured health parameters of the patierrt and information indicative 
af -thssiiediii& wflh which prescribed medication was actually taken by the patient By providing trained 
psrsarmeli at the central unit with both types of information, the diagnostic value of the composite log is 

s; matffltally enhanoed Furthermore, the routine of RG. 13 automaticaily notifies 8ie central unit promptly after 
a: critical medication event has been missed. 

RG. 1 4 provides a flowchart of the Communication With Central Unit Routine. This routine first checks 
to determine if the phone line is in use. If so, the routine waits five minutes and then ties again. Once the 
phone line Is free, the routine dials the central unit and checks to see whether a connection has been 

10 establistted. If no connection was established, the routine tries again. Once a connection has been 
establtshedr the routine checks to determine whether the proper fink protocol has been received. If not the 
routtna assumes a wrong number was obtained and tries again. Once the link protocol has been received, 
th&routina tiansmits the log via the modem 22 and then returns. 

R& t5 is a ftowctiart of the Battery Control and Check Routinel This rouSne is executed once every 

7£ four hours 3s well as whenever the keytioard Intenrupt responds to user depression of a key of the key pad 
74^or tha keyboani 76. tn addition, the routine of RG. 15 is executed whenever a medication event or a test 
event (inctuc&ng a question and answer session) Is executed. The routine first checks to determine whetfter 
the battery voltage is sufficiently bw to indicate that the battery is more ttian 30% discharged. If so. the 
routine checks to determine whether a user is on-line, and. If necessary, requests the user to go off line for 

aor thirty minutes while the battery is charged, if the user remains on line, the routine then checks to determine 
whether the tiatteiry voltage is critically low. If so. the routine isolates the ECG sensors with the relay 91. 
updates the state flag, and controls the AC relay 110 to switch the relay to the on state, thereby connecting 
the battery charger 108 to the AC power source. In the event the battery voltage is not critically low, the 
routine waits five minutes and again requests the user to go off line. In the event the battery voltage 

2S indicates a discharge level of less than 30%. the routine switches the AC relay 1 10 to the off state and then 
checks to irisure that the relay 110 has responded properly. If so. the routine returns. Otherwise, the routine 
agaia attempts to switch the AC relay 1 10 to the off state. Repeated failures of the AC relay 110 to respond 
cause the routine to set an appropriate ent>r code to and call the Exception Handler of RG. 16 before 
retiming- 

m RG. 15 illtistrates another important feature of this invention. By controlDng the relay 110 to disconnect 
the battery charger 108 from the AC power source, the routine of RG. 15 insures that AC ripple voltages 
are absent from the regulated DC voltages during selected periods. This simpnfies and minimizes the 
expense of certain measuring hardware. For example, the ECG module 88 can be much simplified because 
of the absence of AC ripple voltages during an ECG test event In that the AC ripple voltages are not 

3S present the ECG module 88 does not need sophisticated electronic circuitry to stabilize input voltages. 
Furthermore, when the ECG waveform is being recorded, it is important that the ECG electrodes present no 
danger to the patient The routine of RG. 15 insures that the battery charger is disconnected from the AC 
power source during an ECG test and thereby eliminates the need for opto-isolators or the like to protect 
the patient from undesired and potentially dangerous contact with the AC power source, 

40 RG. 16 . provides a flowchart of the Exception Handler. This routine first checks the error code to 
determine whether the current error Is a hardware error. If so, and the error is recoverable, the routine re- 
initializes, recovers from the enor, logs the enor, and returns. Otherwise, the routine checks to determine 
whether the modem is functioning and whether a call can he completed to the central unit If so. the routine 
updates the event table to report the error to the central unit and returns. Otherwise, the routine alerts the 

45 user to telephone the central unit manually and ror»ort the enor. 

In the event the error code Indicates a procedure enror, the routine recovers from the error, displays and 
logs the error, and returns. In the event the error code indicates a range error such that tiie measured data 
are outside of the reasonable range (indicating a prot>able hardware problem), the routine sets a retry flag In 
order to repeat the out-of-range measurement Ottierwise, the routine logs the error and revises the event 

so table to call the central unit In the event the data are within the reasonable range, the routine checks to 
determine whether ttie parameter has fc>een selected as critical by the physician. If so, the error is logged 
and the event table is revised to call the central station and to transmit the patient tog. Otherwise, the error 
is togged and the routine returns. 

From the foregdng, it should be apparent that an Improved personal health monitor has been described 

55 which includes various features that enhance its efficiency and usefulness. By including both information 
relating to medication events and test events in the composite log. the diagnostic value of the composite 
log is maritedly increased. By automatically disconnecting the battery charger from the AC power source at 
certain times, the cost and complexity of components such as the ECG module are reduced. By varying the 



12 



0 251 520 



normal range of values for a given parameter based on the measured values of oth^ parsneters, the 
centra! unit is notified of potentially dangerous situations while minimizing false aiasms. By -collecting 
additional data only when a first set of data falls outside the range of expected values, the d^gnostic value 
of the composite tog is increased without unnecessary Inconvenience to the patient AH of these advantages 

5 are provided with a personal health monitor that can be constructed from proven, conventional hardwa^. 

Of course, it should be understood that a wide range of changes and modifications can be made to the 
preferred embodiment described above. l=or example, specific hardware components can readily be 
modified or adapted as needed to suit Individual applications. The particular array of sensor modules 
included in any given health monitor can easily be modified to suit the particular appDcation. Furthermore, if 

10 desired, the central unit can be interconnected with the home units by radio Bnks or by hardwire links rather 
than via the modems described above. Of course, the specific test and me(fication profiles and ttie specific 
questions Included in the question and answer sessions will be modified for each application as requested 
by the attending physician. In addition, the techniques used to select additional tests to be performed or 
questions to be asked, and the techniques used to modify the nonnal range for first parantete based on a 

J5 second parameter can be varied widely. As pointed out above, each of the improvements of tWs invention 
can be used akine or in combination with any of the other improvements. 

It is therefore intended that the foregoing detailed description b>e regarded as illustrative rattier than 
limiting, and that it be understood that It Is the following claims. Including alt equivalents, which are intended 
to define the scope of this Invention. 

20 

Claims 

1. A personal health monitor characterised by means for detenmining a plurality of health paranieters, 
25 each indicative of the physical condition of a patient; 

means for prompting the patient with selected messages; 

means for storing a presrit>ed parameter schedule for selected ones of the health parameters; 
means for storing a prescribed medk:ation schedule for at least one medication: 
first means for automatically controlling the prompting means to request the patient to use tiie 
30 determining means to determine selected ones of the health parameters In accordance with tiie prescribed 
parameter schedule and for automatically storing the determined health parameters In a composite log; 

second means for automatically controlling the prompting means to request the patent to take 
medication In accordance with the prescribed medication schedule; 

means for automaticaliy recording in the composite \oq information Indicath^e of patient compliance with 
35 the prescribed medication schedule; and 

means for automatically transmitting ttie composite log to a centra! location for analysis by trained 
medical personnel. 

2. A personal health monitor as claimed in daim 1, characterised in that the plurality of health 
parameters comprises: patient weight, patient temperature, patient pulse rate, patient blood pressure, and 

40 patient responses to selected questions. 

3. A personal heaitii monitor as claimed in claim 1 or 2, characterised in that the prescribed medication 
schedule comprises a plurality of medication events, and the Information recording means records 
information in the composite log indicative of a plurality of medication times, each con-espondlng to the time 
a respective one of the medication events was performed by the patient 

45 4. A personal health monitor as claimed in daim 3, characterised in that the prescribed parameter - 
schedule comprises a pluraTity of test events, aruJ wherein the first means additionally stores in the 
composite log information indicative of a plurality of test times, each corresponding to the time a respective 
one of the healtfi parameters was determined. 

5. A personal healtii monitor as claimed in any one of claims 1 to 4, characterised in ttiat tiie 
so transmitting means comprises a modem. 

6. A personal heaitti monitor adapted to be powered by an alternating drcuit power source, charac- 
terised by: 

means for collecting information indicative of the physical condition of the patient; 
means for recording the collected information; and 
65 means for supplying a DC supply voltage to power tiie collecting means and the recording means, said 
supplying means comprising: 

a rechargeable battery connected to tiie collecting means and the recording means; 
a battery charger adapted for connection to the alternating drcuit power source and comprising means 
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for supplying a charging current to the battery; 

a switch positioned to interrupt the flow of charging current from the battery charger to the battery and 
switchatrte between a first state, in which the switch Isolates the battery from the charging circuit, and a 
second stated in which the: switch allows the charging current to flow to the battery; 
5 first means for automatically placing) the switch in the first state during at least selected periods of - 
interacfon between the patient and the collecting means; and 

^cond means for automatically placing the switch in the second state during at least selected periods 
characterised by an absence of interaction between the patient and the collecting means. 

7. A personal health monitor as claimed in daim 6, characterised in that the switch comprises a latching 
10 relay. 

St A psTBonat health monitor as claimed in daim 6 or 7, characterised in that the collecting means 

comprises a pluralitsp of patisit sensors,, each comprising means for sensing a respective patient parameter, 

end wherein the first means plac^ the switch in the first state whenever selected ones of the patient 

^hsors are opiating: ta serse tiiie respecthfe patient parameter. 
rs 9; A personal health monitor as claimed in daim 6, 7 or 8, characterised in that the collecting means 

comprises a patient input device, and wherein the first means places the switch in the first state during at 

least selected periods when the patient input device is In use. 

10. A personal health monitor as claimed in daim 6 or 7, characterised in that said information 

collecting means comprises at least a display, a blood pressure sensor, a patient temperature sensor, a 
za patient weight s^rsor, arrd: a controtler which comprises means for presenting messages to a patient via the 

display; 

wherein the recordirtg means comprises means for recording readings from the sensors in a log and 
means for transmitting ttie log to a central location for analysis by trained medical personnel; and 

wherein tire first means comprises means for automatically placing the switch in the first state whenever 
25 the means for recortfi^ng readings from tfie sensors is operative in order to insure that the alternating current 
power source presents no danger to the patient and no disturbing Influence to the readings from tiie 
visors. 

TT. A personag MaXSt monitor as datmed in claim 10. characterised in that the information collecting 
means comprises a patient input device, and wherein the first means further comprises means for 
30 automatically ptadng the switch in the first state during at least selected periods when the patient input 
devfce is in use. 

12. A personal healfii monitor as claimed In any one of claims 6 to 11. characterised in that the 
rechargeable battery comprises a lead add battery. 

13. A personal health monitor comprising: 

35 first means fOr automatically collecting a first set of data indicative of ttie physical condition of a patient; 

second means for automatically comparing ttie first set of data witii a set of test criteria and for 
indicating when the first set of data fails to meet the test criteria; 

ttiird means for automatically collecting a second set of additional data from the patient only when tire 
first set of data fails to meet the test criteria, said second set of additional data selected to provide 
40 additional diagnostic information useful in interpreting tt»e first set of data; and 

fourth means for automatically transmitting tiie first and second sets of data to a central location for 
arialysis by trained medical personnel. 

14. A personal health monitor as claimed in daim 13, characterised in that the first set of data 
comprises at least one physical measuremem of a parameter indicative of the physical condition of the 

45 pati^Tt 

15. A personal heafth monitor as claimed in daim 13 or 14. characterised in that the first set oil data 
comprises answers supplied by the patient to questions by the first means. 

16. A personal heaitii monitor as claimed in daim 13, 14 or 15, charaderised in that ttie second set of 
data comprises at least one physical measurement of a parameter indicative of tiie physical condition of the 

50 patient 

17. A personal heaitti monitor as claimed in any one of daims 13 to 16, characterised in that the 
second set of data comprises answers supplied by ttie patient to questions presented by ttie second 
means. 

ia A personal health monitor as claimed in any one of claims 13 to 17. charaderised in that said first 
55 means comprises a patient monitor adapted for home use, comprising at least a display, a patient answer 
input device, a plurality of sensors including blood pressure sensor, a patient temperature sensor, and a 
patient weight sensor, and a controller which comprises first means for presenting messages including 
questions to a patient via tiie display, and means for recording patient answers to selected ones of the 
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questions and readings from selected ones of the sensors in a log; 

wherein tbe first set of data is collected from a first selected set of sensors and questions and is 
recorded in the log; 

wherein the second set of additional data is collected from a second set of sensors and questions and is 
s recorded In the log: and 

wherein the fourth means comprises means for automatically transmitting the log to the central location. 

19. A personal heafth monitor comprising: means for automaticaUy monitoring a pluraTtty of 
parameters indicative of the physical condition of a patient said plurality oi parameters including at least first 
and second parameters; 

10 means for storing information indicative of a selected range of normal values of the first parameter,- said 
selected range of normal values varying in accordance with the second parameter such that tite selected 
range of normal values when the second parameter has a first value is different from the selected range of 
normal values when the second parameter has a second value; 

means for alerting a central station only when the first parameter is outside the selected range of normal 

75 values. 

20. A persona] health monitor as claimed in claim 19. characterised in that the alerting means 
comprises means for automatically transmitting the pluraTtty of parameters to the central statiori for analysis 
by medical personnel. 

21. A personal health monitor as claimed in claim 19 or 20, characterised in that the means for 
20 automatically rrtonttoring comprises: 

a display; 

a plurality of patient sensors including at least a blood pressure sensor, a patient temperature sensor, 
and a patient weight sensor. 

a controller comprising first means for presenting messages to a patient via the display, second means 
25 for recording the plurality of patient parameters indicative of readings from selected ones of the sensors In 
a log: and third means for automatically transmitting the log to a central location for analysis by trained 
medical personnel. 

22. A persona] health monitor as claimed in claim 21, characterised in that the alerting means controls 
the third means to cause immediate tannsmission of the log to the central station. 

30 23. A personal health monitor as claimed in claim 21 or 22, characterised in that the patient sensors 
further Include a patient answer input device, wherein the messages include questions, and wherein 
selected ones of the parameters are indicative of patient answers to selected questions. 
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